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Neutrinoless double beta (0ν2β) decays of 106Cd are studied for the transitions to the ground state, 
0+gs, and 0+ excited states in 106Pd by using realistic many-body wave functions calculated in the
framework of the quasiparticle random-phase approximation and its extensions. Effective, G-matrix-based 
nuclear forces are used in large single-particle model spaces. Both the β+β+ and β+EC channels of the 
0ν2β decay are discussed and half-lives are computed. Particular attention is devoted to the study of 
the detectability of the resonant neutrinoless double electron capture (R0νECEC) process in 106Cd. The 
calculations of the present article constitute the thus far most complete and up-to-date investigation of 
the 0ν2β properties of 106Cd.
© 2011 Elsevier B.V. Open access under CC BY license.1. Introduction
In the so-called mass mode a massive Majorana neutrino me-
diates the neutrinoless double beta (0ν2β) decay of atomic nu-
clei. The implications of detecting this decay are far-reaching and 
discussed in many review works in the literature, see e.g. [1–3]. 
Among other things, the 0ν2β decay can access the absolute mass 
scale of the neutrinos, provided that the decay goes mainly via the 
mass mode and the associated nuclear matrix elements (NMEs) 
can be evaluated in a reliable way. The ﬁrst experimental evidence 
of this decay has been reported for 76Ge in [4]. The neutrino-
emitting correspondent of 0ν2β decay, the two-neutrino double 
beta (2ν2β) decay is a process that runs in the standard model of 
the electroweak interactions and the corresponding half-lives have 
been measured for many nuclei [5].
A lot of work has been done in experimental [5] and theoretical 
[2,3] investigations of the double β− decays of nuclei due to their 
favorable decay Q values. The positron-emitting modes of decays, 
β+β+ , β+EC and ECEC are much less studied. Theoretical studies
of these modes include [6] for the general, nuclear-model indepen-
dent frameworks of 2ν2β β+β+ , β+EC and ECEC decays and [7] 
for the general frameworks of the 0ν2β β+β+ and β+EC decays. 
The formalism for the resonant neutrinoless double electron cap-
ture (R0νECEC) was ﬁrst developed in [8] and later discussed and
extended to its radiative variant (0νγ ECEC) in [9].
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the above decays were performed in several early works (see [2] 
for a review of them) for the 2ν2β and 0ν2β decay channels of 
various nuclear candidates. Later, a more reﬁned NME and half-life 
calculation of the 2ν2β β+β+ , β+EC and ECEC decays of 106Cd to 
the ground state and ﬁrst excited 0+ state in 106Pd was carried out 
in [10,11]. In [12] a systematic study of the 0ν2β β+β+ and β+EC 
decays to excited 0+ states in 92Mo, 96Ru, 106Cd, 124Xe, 130Ba and
136Ce was performed. The computational scheme was based on the
relativistic harmonic conﬁnement model (RHCM) of quarks and the 
resulting nucleon form factors [13]. In this framework a folding of 
the free nucleon current with the conﬁned quark degrees of free-
dom was done resulting in a nucleonic current that differed from 
that of the standard formulation [1]. In addition, no short-range 
correlations were taken into account beyond the RHCM-predicted 
nucleon form factors. Nuclear-structure calculations and Penning-
trap measurements of the involved atomic masses were performed 
for the R0νECEC processes e.g. in the case of 136Ce [14]. In these 
calculations the non-relativistic Schrödinger wave functions of the 
involved electron orbitals were used.
In the present article the work of [10] is extended to descrip-
tion of various 0ν2β decay modes of 106Cd. These include the 
β+β+ and β+EC transitions to the ground state, 0+gs, and the β+EC
transition to the ﬁrst excited 0+ state, 0+1 (the β+β+ transition is
Q -value forbidden). The 0ν2β decays to only the 0+ states are 
considered due to the large suppression of the mass mode for the 
0ν2β decays to 2+ states [15]. In addition, the R0νECEC transition
to the 0+ state at excitation energy 2766.26 keV is considered. 
Here the energy Etwo-hole = 48.70 keV of the two electron K holes
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2766.26 keV of excitation (the atomic two-K-hole energy has been added). Also the
Q value of the resonant 0νECEC transition has been given. All the 0ν2β transition
modes under consideration in this article are indicated by horizontal arrows.
in the palladium atom has been added to the nuclear excitation
energy 2717.56 keV of the 0+ state. It should be noted that the
effect of the Coulomb repulsion of the two holes has been ne-
glected. This repulsion is expected to be in the range of keV or
less [16]. The relativistic Dirac wave functions of the K-electron
orbitals are assumed. All these transitions are displayed in Fig. 1.
For all the 0ν2β transitions the NMEs are computed by the use
of both the Jastrow short-range correlations [17] and the UCOM
correlations [18]. Both short-range correlators have been recently
used in many 0νβ−β− calculations. In addition, the contributions
arising from the induced currents and the ﬁnite nucleon size [19]
have been taken into account in the present calculations. As evi-
dent from above, the calculations of the present Letter constitute
the thus far most complete and up-to-date treatment of the 0ν2β
properties of 106Cd.
2. Brief outline of the theoretical framework
In this section only a condensed outline of the basic theoreti-
cal ingredients of the calculations is given. Further details of the
present theory framework will be given in a more extensive publi-
cation elsewhere.
In this work it is assumed that the 0ν2β decays proceed ex-
clusively via the exchange of a massive Majorana neutrino. The
inverse half-lives for the 0ν2β β+β+ , β+EC and R0νECEC decays
can be cast in the forms
[
T α1/2
(
0+
)]−1 = Gα0ν(0+)∣∣M(0ν)′∣∣2∣∣〈mν〉∣∣2,
α = β+β+, β+EC, (1)
[
T ECEC1/2
(
0+
)]−1 = GECEC0ν (0+)∣∣MECEC0ν ∣∣2 |〈mν〉|
2Γ
(Q − E)2 + Γ 2/4 , (2)
where 〈mν〉 is the effective neutrino mass [2]. In the case of the
106Cd decay the degeneracy parameter |Q − E| in (2) has to be
taken as a free parameter since its accurate experimental value isstill unknown. For the two-hole width Γ the value 10.24 eV is
assumed [16]. Furthermore we deﬁne
MECEC0ν =
1
RA
M(0ν)
′
, RA = 1.2A1/3 fm, (3)
and the values of the phase-space integrals Gβ
+β+
0ν (0
+) and
Gβ
+EC
0ν (0
+) can be calculated by using the formalism of [7]. The
phase-space integral for the R0νECEC mode can be written as
GECEC0ν
(
0+
)=
(
GF cos θC√
2
)4 g4A
4π2 ln2
m6eN 20,−1, (4)
where N0,−1 is the normalization of the relativistic K-shell (1s1/2)
Dirac wave function for a uniformly charged spherical nucleus [7].
Here the 0ν2b NMEs are deﬁned in the standard way (see e.g. [20–
22])
M(0ν)
′ =
(
gA
1.25
)2[
M(0ν)GT −
(
gV
gA
)2
M(0ν)F + M(0ν)T
]
, (5)
where gA = 1.25 corresponds to the bare-nucleon value of the
axial-vector coupling constant. Details of the involved matrix el-
ements M(0ν)GT,F,T are given in [20].
In this work the wave functions of the nuclear states involved
in the decay transitions are calculated by the use of the quasiparti-
cle random-phase approximation (QRPA) in a realistic large single-
particle model space (an exhaustive discussion on the model-space
effects is given in [20–22]). In particular, the resonant 0+ state in
106Pd is assumed to be a basic excitation (one-phonon state) of
the charge-conserving QRPA (ccQRPA) [23] whereas the 0+1 state
is assumed to consist of two 2+1 ccQRPA phonons as discussed
in [21,22]. The Jπ states of the intermediate nucleus 106Ag of
the 0ν2β decays are generated by the usual proton–neutron QRPA
(pnQRPA) [2,23]. The one- and two-phonon states in 106Pd are
then connected to the Jπ states of 106Ag by transition ampli-
tudes obtained from a higher-QRPA framework called the multiple-
commutator model (MCM), ﬁrst introduced in [24] and further
extended in [25]. In the past, the MCM was used in studies of the
2νββ-decay rates to excited 0+ and 2+ states in several publica-
tions and the related explicit expressions of the transition ampli-
tudes are summarized in [2,26].
3. Model parameters and strength functions
The calculations were done in a single-particle space compris-
ing the proton states from the 1p-0f-2s-1d-0g-0h shells and neu-
tron states from the 1p-0f-2s-1d-0g-2p-1f-0h shells. As a starting
point the single-particle energies were generated by the use of a
spherical Coulomb-corrected Woods–Saxon (WS) potential with a
standard parametrization [27], optimized for nuclei near the line
of beta stability. Modiﬁcations of the WS energies were done to al-
low a better reproduction of the spectra of the neighboring odd-A
nuclei. This basis is the adjusted basis “Adj.” and is the one dis-
cussed in [10]. The Bonn-A G-matrix has been used as the starting
point and it has been renormalized in the standard way [24,28]:
The quasiparticles are treated in the BCS formalism and the pair-
ing matrix elements are scaled by a common factor, separately for
protons and neutrons. In practice these factors are ﬁtted such that
the lowest quasiparticle energies obtained from the BCS match the
experimental pairing gaps for protons and neutrons respectively.
As explained in detail in [20] the particle–hole and particle–
particle parts of the proton–neutron two-body interaction are sep-
arately scaled by the particle–hole parameter gph and particle–
particle parameter gpp. The particle–hole parameter affects the
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different scales of the ﬁgures.position of the Gamow–Teller giant resonance (GTGR) and its value
gph = 1.20 was ﬁxed by the available systematics [23] on the loca-
tion of the giant state. The gpp parameter affects the β−-decay am-
plitude of the ﬁrst 1+ state in the intermediate nucleus [29] and
hence also the decay rates of the ββ decays. In e.g. [29] the value
of this parameter was ﬁxed by the data on β− decays whereas
in many other works, e.g. in [18,30–32], it was ﬁxed by the data
on 2νβ−β−-decay rates within the interval gA = 1.00–1.25 of the
axial-vector coupling constant. The experimental error and the un-
certainty in the value of gA then induce an interval of acceptable
values of gpp, the minimum value of gpp related to gA = 1.00
and the maximum value to gA = 1.25. This is because the magni-
tude of the calculated 2νββ NME, M(2ν) , decreases with increasing
value of gpp in a pnQRPA calculation [28,33,34] and this magni-
tude is compared with the magnitude of the experimental NME,
M(2ν)(exp) ∝ (gA)−2, deduced from the experimental 2νββ half-
life.
In the present calculations we adopt the range gpp = 0.80–1.045
for the particle–particle strength parameter. Following the above
reasoning the value gpp = 0.80 is associated with gA = 1.00 and
the value gpp = 1.045 is associated with gA = 1.25. The value
gpp = 1.045 was chosen because it produces the minimum value
of the 2ν2β NME for the ground state transition in the adjusted
single-particle basis used in the present calculations. This value is
not very far from the collapse point of the pnQRPA but is chosen to
have a wide range of gpp values to see how the magnitudes of the
0ν2β observables vary in this range. The smaller value gpp = 0.80
was chosen such that the available range of gpp values would be
wide enough to guarantee that all the physically meaningful values
of the 0ν2β NMEs are covered.
The 1+ states of the intermediate nucleus 106Ag play an im-
portant role not only for the 2ν2β-decay rates but also for the
0ν2β-decay rates [20,22]. These states are connected to the ground
states of the initial and ﬁnal nuclei of ββ decay by transition
amplitudes that can be probed by various charge-exchange re-
actions [35,36]. The squares of these amplitudes constitute the
Gamow–Teller strength functions in the β+ and β− directions, i.e.
S±(k) = (1+k ‖σ t±‖0+gs)2, where k numbers the 1+ states in the nu-
cleus 106Ag.
In Fig. 2 the presently computed strength functions S± are dis-
played for gpp = 0.80 and gph = 1.20. In the ﬁgure the strengths
are summed over bins of one MeV. Here it should be pointed
out that the strength functions of Fig. 2 are results of a ‘hybrid’
calculation. In this calculation the computed β− and β+ type of
transition amplitudes to the ﬁrst 1+ state, 1+1 , are replaced by
those that are deduced from the available experimental log f tTable 1
The experimental and computed 0+ spectra for 106Pd. In the Th1 (Th2) calcula-
tion the experimental energy of the 0+2 (0
+
3 ) state was roughly ﬁtted. The data is
from [39].
State Energy (keV)
Exp. Th1 Th2
0+1 1133.76 1024 (0
+
2-ph) 1024 (0
+
2-ph)
0+2 1706.44 1705 0
+
3-ph?
0+3 2001.48 0
+
3-ph? 2003
0+4 2278.11 2479 2548
0+5 2624.40 2589 2619
0+6 (?) 2717.59 2919 (0
+
1-ph) 2953 (0
+
1-ph)
values associated to the transitions 106Ag(1+1 ) → 106Cd(0+gs) and
106Ag(1+1 ) → 106Pd(0+gs). The resulting total strengths are
∑
S+ =
2.35 and
∑
S− = 40.37 and do not satisfy the Ikeda 3(N − Z) sum
rule since the strengths are based on different initial ground states.
The strength functions are qualitatively similar to the displayed
ones for 0.80  gpp  1.045 which is the range of values of gpp
considered in this work.
For the ccQRPA we have two parameters, gpp and gph, like for
the pnQRPA. The experimental energy of the 2+1 state in 106Pd was
reproduced by the values gpp = 1.0 and gph = 0.56 for the ad-
justed basis used in this work. The wave function of this state was
then used in constructing the wave function of the two-phonon 0+1
state in the MCM framework. For the 0+ states the two parameters
can be used to remove the spurious ﬁrst 0+ root of the ccQRPA by
lowering its energy to zero (see [37]) and at the same time one
can ﬁt the experimental energy of the presumed ﬁrst one-phonon
0+ state. The problem is to identify such a state in the experimen-
tal spectrum since usually the ﬁrst one-phonon 0+ state is close
to a potential three-phonon state that is claimed to be identiﬁed
e.g. in the region of 114Cd [38]. In the present case, 106Pd, it is
not certain if multi-phonon states beyond 2 phonons survive but
candidates for the three-phonon state could be either the second
0+ state at an energy E(0+2 ) = 1706.44 keV or the third one at
E(0+3 ) = 2001.48 keV (see Table 1).
To see the effect of the different ﬁttings on the 0+ spectrum
and the R0νECEC rates two ccQRPA calculations were made: In the
ﬁrst (Th1) the 0+2 energy was ﬁtted and in the second (Th2) the
0+3 energy was ﬁtted. The resulting 0+ spectra of the ccQRPA are
shown in Table 1. The effect on the computed energy of the 0+6
state is not large. This is the state that should be in resonance
with the ground state of 106Cd in the R0νECEC transition and from
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The computed Jastrow and UCOM correlated NMEs for the ground-state and excited-
state decays of 106Cd. The 0+1 state is described as a coupling of two 2
+
1 ccQRPA
phonons. The 0+1-ph is a one-ccQRPA-phonon state and the two calculated values
come from the Th1 and Th2 calculations of Section 3.
NME Jastrow UCOM
gA = 1.00 gA = 1.25 gA = 1.00 gA = 1.25
M(0ν)GT (0
+
gs) 6.838 4.920 8.307 6.240
M(0ν)F (0
+
gs) −2.243 −1.586 −2.718 −2.030
M(0ν)
′
(0+gs) 5.812 5.935 7.056 7.539
M(0ν)GT (0
+
1 ) 0.356 0.317 0.298 0.262
M(0ν)F (0
+
1 ) −0.552 −0.537 −0.555 −0.540
M(0ν)
′
(0+1 ) 0.581 0.660 0.546 0.608
M(0ν)GT (0
+
1-ph) (Th1) 2.605 2.821 2.819 3.041
M(0ν)F (0
+
1-ph) (Th1) −0.436 −0.463 −0.511 −0.537
M(0ν)
′
(0+1-ph) (Th1) 1.946 3.117 2.131 3.384
M(0ν)GT (0
+
1-ph) (Th2) 2.649 2.902 2.867 3.125
M(0ν)F (0
+
1-ph) (Th2) −0.450 −0.481 −0.527 −0.556
M(0ν)
′
(0+1-ph) (Th2) 1.984 3.210 2.173 3.482
here on the theoretical state will be called 0+1-ph. As indicated by
the question mark in Table 1 the multipolarity of the 0+6 state is in
fact not certain [39]. The identiﬁcation of the state (energy) comes
from the β− decay of 106Rh. The state seems to γ -decay exclu-
sively to the 3+1 state at E(3
+
1 ) = 1557.68 keV but the multipolarity
of the resulting γ has not been determined. The diﬃculty in de-
termining the multipolarity of the transition would hint to an M3
transition in support of the 0+ assignment of the multipolarity. In
any case, re-measurement of the characteristics of this particular
state is certainly important.
4. Neutrinoless double beta decays
We now turn to the key issue of this article, namely to the
calculations of the observables related to 0ν2β decays. As dis-
cussed in Section 3 the increasing value of gA can be related to
the increasing value of gpp such that the value gpp = 0.80 is as-
sociated with gA = 1.00 and the value gpp = 1.045 is associated
with gA = 1.25. The in this way calculated Jastrow and UCOM cor-
related NMEs of Eq. (5) are shown in Table 2. As mentioned in
Section 3 the 0+1 state is described as a coupling of two 2
+
1 ccQRPA
phonons. The 0+6 state of Table 1 is the one that is in resonance
with the ground-state of the Cd atom and it is assumed to be a
one-phonon state of the ccQRPA, hence called 0+1-ph for short. The
two sets of values of Table 2 for this state come from the Th1 and
Th2 approaches to the 0+ energies described in Section 3.
From Table 2 one observes interesting details: typically the
UCOM-correlated NMEs are larger than the Jastrow-correlated ones
due to the less sharp cut of the relative two-nucleon wave func-
tion at short distances [18,32]. This same pattern can be observed
in the present calculations for the ground-state NME and the one-
phonon state. This is due to the fact that the decomposition of
these NMEs in terms of multipoles looks qualitatively similar (see
below). Quite the contrary is true for the two-phonon (0+1 ) state:
the UCOM NMEs are smaller than the Jastrow NMEs. This strange
behavior is explained by the very different qualitative behavior of
the multipole decomposition – as shown below the decomposition
in this case consists of contributions of alternating sign. The two
sets of values of the NMEs (Th1 and Th2) for the 0+ state are1-phFig. 3. Decompositions of (6) in Jπ (upper panel) and J ′ (lower panel) for the
ground-state Gamow–Teller M(0ν)GT (0
+
gs) NME of
106Cd calculated in the adjusted ba-
sis. Results for the Jastrow short-range correlations are shown with gA = 1.25.
not very different indicating that the structure of the 0+1-ph state
is not affected substantially by the small variations of the ccQRPA
parameters in the 0+ channel.
As already indicated above the 0νββ NMEs M(0ν)
′
can be de-
composed into contributions of different intermediate multipoles.
This decomposition can be made in two ways, either through the
different multipole states Jπ of the intermediate nucleus (in this
case the states of 106Ag) or through different couplings J ′ of the
two decaying nucleons [32,40]. For the Gamow–Teller NME these
decompositions can be schematically written as
M(0ν)GT =
∑
Jπ
∑
J ′
M(0ν)GT
(
Jπ , J ′
)
, (6)
where M(0ν)GT ( J
π , J ′) is given explicitly in [31,32].
The decompositions (6) are shown for the Gamow–Teller NMEs
of the decays of 106Cd in Figs. 3–5. All the ﬁgures refer to adjusted-
basis calculations using the Jastrow short-range correlations and
the value gA = 1.25 for the axial-vector coupling constant.
From the decomposition ﬁgures one can make the following
general observations: For the ground-state NME the decomposition
in terms of Jπ is the typical one of the pnQRPA calculations [32,
20] and the decomposition in terms of J ′ is typical of the shell-
model [40] and pnQRPA [32] calculations. Here typical is the large
positive monopole contribution and the much smaller, mostly neg-
ative, higher-multipole contributions. For the one-phonon state the
pattern is qualitatively the same for the Jπ decomposition but
in the case of the J ′ decomposition the majority of the higher-
multipole contributions are positive instead of negative. The behav-
ior of the two-phonon (0+1 ) NME is qualitatively totally different:
Both decompositions have both large positive and large negative
contributions. In the J ′ decomposition the monopole component is
no more the dominant one. The alternating structures of these de-
compositions conspire to produce larger Jastrow than UCOM NMEs.
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+
2-ph) corresponding
to the 0+1 state in 106Pd.
Fig. 5. The same as in Fig. 3 for the one-phonon NME M(0ν)GT (0
+
1-ph) corresponding
to the 0+6 state in 106Pd.
The NMEs of Table 2 can be combined with the appropriate
phase-space factors to produce predicted half-lives for a given
value of the effective neutrino mass 〈mν〉. The half-lives of the dif-
ferent 0ν2β modes can be compactly written as
T β
+β+ = T β+β+(〈mν〉[eV])−2, (7)1/2 0Fig. 6. The R0νECEC-decay half-lives of 106Cd for three different values of the effec-
tive neutrino mass as functions of the degeneracy parameter x = |Q − E| expressed
in units of eV. NMEs with the UCOM short-range correlations have been used.
Table 3
The auxiliary factors of Eqs. (7)–(9) for the decays of 106Cd.
State s.r.c. T0
β+β+ (1027 yr) β+EC (1026 yr) R0νECEC (1022 yr)
0+gs UCOM 1.93–2.20 1.35–1.54
Jastrow 3.11–3.24 2.18–2.28
0+1 UCOM 981–1220
Jastrow 832–1070
0+1-ph UCOM 3.02–8.08
Jastrow 3.56–9.69
T β
+EC
1/2 = T β
+EC
0
(〈mν〉[eV])−2, (8)
T ECEC1/2 = T ECEC0
x2 + 26.21
(〈mν〉[eV])2 , (9)
where the effective neutrino mass should be inserted in units of eV
and the variable x is deﬁned as |Q − E| = x eV in the deﬁnition of
the R0νECEC half-life in (2). In Table 3 the auxiliary factors of the
above equations are given for both the Jastrow and UCOM short-
range correlations, and for the 0+1-ph state the Th1 and Th2 results
of Table 2 have been combined.
From Table 3 one observes that for the decays to the ground
state and the 0+1 state the range of half-lives is rather narrow
in spite of the wide range of values of gpp used in the calcula-
tions. Contrary to this, for the decay to the 0+1-ph state the range of
half-lives is wide. The gpp dependence of the corresponding tran-
sition amplitudes arises mainly from the gpp dependence of the
1+ multipole. In the present case Table 2 tells that in fact the
Gamow–Teller and Fermi NMEs change quite much for the ground-
state transition but this change is compensated by the change in
the value of gA in the deﬁnition of the total NME M(0ν)
′
. For
the excited-state transitions the changes in the individual NMEs
are rather modest but in directions that conspire to produce a
small variation for the total 0+1 NME but a large variation for
the total 0+1-ph NME. The weak dependence on gpp of the one-
phonon and two-phonon NMEs is well known from the earlier
works [12,26,41].
The half-life of the R0νECEC decay of 106Cd to the 0+1-ph state
(9) can be plotted as a function of the degeneracy parameter x
for different values of the effective neutrino mass. This has been
done in Fig. 6 which displays the half-life for three different val-
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one can see that for 〈mν〉 = 0.3 eV, i.e. for a value of 〈mν〉 consis-
tent with the range predicted by the analysis of [4], the favorable
case of close degeneracy (values of x below few eV) would yield
a R0νECEC half-life around 1025 years which is not discouragingly
large and within reach of the next-generation ββ experiments. In
the 100 eV range of x the R0νECEC half-life would already exceed
1027 years.
The most recent experimental half-life limit [42] for the res-
onant decay of 106Cd is T ECEC1/2 > 1.1 × 1020 yr and is far from
the theoretically predicted range of detectability. The quoted num-
bers in Fig. 1 suggest that an accurate prediction of the R0νECEC
half-life is only possible if the energy (and multipolarity) of the
resonant state is veriﬁed and the atomic mass difference of the Cd
and Pd atoms is measured accurately, say, in Penning-trap experi-
ments. Such experiments have already been performed, e.g. for the
74Se → 74Ge transition in [43] and for the 136Ce → 136Ba transition
in [14].
5. Summary and conclusions
The present study of the 0ν2β decay modes of 106Cd is an
extension of an earlier work [10] that discussed the 2ν2β decay
modes of 106Cd. The model space and adjusted single-particle en-
ergies are adopted from this earlier work. In the present work
the 0νβ+β+ , 0νβ+EC decays to the ground state and ﬁrst excited
0+ state in 106Pd are discussed and the associated half-lives are
computed. In addition, the half-life of the resonant neutrinoless
double electron capture (R0νECEC) to the presumed 0+1-ph state
in 106Pd is estimated in terms of the degree of fulﬁllment of the
resonance condition. This study suggests that a more accurate re-
measurements of the energy of the 0+1-ph state in
106Pd and the
atomic mass difference of the Cd and Pd atoms are needed. In ad-
dition, veriﬁcation of the multipolarity of the resonant state is of
utmost importance.
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